Abstract In older persons, vitamin D insufficiency and a subclinical chronic inflammatory status frequently coexist. Vitamin D has immune-modulatory and in vitro anti-inflammatory properties. However, there is inconclusive evidence about the anti-inflammatory role of vitamin D in older subjects. Thus, we investigated the hypothesis of an inverse relationship between 25-hydroxyvitamin D (25(OH)D) and inflammatory markers in a population-based study of older individuals. After excluding participants with high-sensitivity C-reactive protein (hsCRP)≥10 mg/dl and those who were on chronic anti-inflammatory treatment, we evaluated 867 older adults ≥65 years from the InCHIANTI Study. Participants had complete data on serum concentrations of 25(OH)D, hsCRP, tumor necrosis factor (TNF)-α, soluble TNF-α receptors 1 and 2, interleukin (IL)-1β, IL-1 receptor antagonist, IL-10, IL-18, IL-6, and soluble IL-6 receptors (sIL6r and sgp130). Two general linear models were fit (model 1-adjusted for age, sex, and parathyroid hormone (PTH); model 2-including covariates of model 1 plus dietary and smoking habits, physical activity, ADL disability, season, osteoporosis, depressive status, and comorbidities). The mean age was 75.1±17.1 years±SD. In model 1, AGE (2014) log(25OH-D) was significantly and inversely associated with log(IL-6) (β±SE=−0.11±0.03, p=<0.0001) and log (hsCRP) (β±SE=−0.04±0.02, p=0.04) and positively associated with log(sIL6r) (β±SE=0.11±0.04, p=0.003) but not with other inflammatory markers. In model 2, log (25OH-D) remained negatively associated with log (IL-6) (β±SE=−0.10±0.03, p=0.0001) and positively associated with log(sIL6r) (β±SE=0.11± 0.03, p = 0.004) but not with log(hsCRP) (β ±SE= −0.01±0.03, p=0.07). 25(OH)D is independently and inversely associated with IL-6 and positively with sIL6r, suggesting a potential anti-inflammatory role for vitamin D in older individuals.
Introduction
Vitamin D, calcitriol or 1,25-dihydroxyvitamin D3 (1,25(OH)2D3), is a key endocrine regulator of calcium-phosphate homeostasis and bone metabolism. It is formed primarily, though not exclusively, in the kidney via 25-hydroxyvitamin D (25(OH)D) conversion, which represents the major circulating form of vitamin D and the most common marker of vitamin D status (Holick 2007) . Studies have generally shown that concentration of 25(OH)D tends to decline with age (Hilger et al. 2014) . Vitamin D insufficiency, as recommended by the Institute of Medicine, can be defined by 25(OH)D serum levels of less than 20 ng/ mL (Ross et al. 2011 ). This phenomenon is an important potential public health issue by affecting more than one half of women and one third of middleaged and older men living in the USA (Lips 2001) . Several factors contribute to the age-related deterioration of vitamin D status, including insufficient exposure to sunlight, poor dietary intake of vitamin D, chronic diseases, pharmacological treatment, increase of fat mass, and disability (Holick 2007) . Interestingly, in the elderly, low vitamin D levels frequently coexist with a subclinical proinflammatory status, characterized by a progressive increase of inflammatory cytokines and acute-phase reaction proteins (Ferrucci et al. 2005; Franceschi et al. 2000) . Elevated concentrations of C-reactive protein (CRP), interleukin (IL)-6, and tumor necrosis factor (TNF)-α and suboptimal vitamin D levels have been associated with an increased risk of cardiovascular events, disorders of glucose metabolism, neurodegenerative diseases, and overall mortality (Pradhan et al. 2001; Il'yasova et al. 2005) .
There is recent evidence that 25(OH)D is an immune modulator and that 1,25(OH) 2 D, formed in tissues outside of the kidney, can accumulate in the microenvironment of lymphoid organs, where it exerts specific autocrine and/or paracrine cell-specific activities (Hewison 2010; Lauretani et al. 2010) . Studies of animal models and cell cultures showed both direct and indirect beneficial immune-modulating effects involving the T cells, B cells, and antigen-presenting cells (dendritic cells and macrophages) resulting in a switch from the Th1/Th17 response to the Th2/Treg profile (Helming et al. 2005) . Interestingly, Th17 response plays a role in the pathogenesis of autoimmune diseases, and a suboptimal 25(OH)D status has been documented in a large number of autoimmune and inflammatory conditions including rheumatoid arthritis, systemic lupus erythematosus, inflammatory bowel diseases, and type 1 diabetes, but also infections, malignancies, transplant rejection, and cardiovascular disease (Querfeld 2013) .
25(OH)D could play a role in signaling-related inflammation through a whole spectrum of underlying mechanisms including the downregulation of the proinflammatory transcription factor kappa B (NFκB) (Suzuki et al. 2009 ). On the contrary, the systemic inflammatory response, occurring after an inflammatory insult, could determine lower 25(OH)D concentration (Louw et al. 1992; Gray et al. 2005) . Although a potential relationship between 25(OH)D and inflammation has been hypothesized, there is inconclusive evidence about the anti-inflammatory role of vitamin D, especially in the elderly. Moreover, the association between 25(OH)D serum concentration with multiple inflammatory markers has been addressed in few human studies and none of these has taken into account the complete role of different components of the IL-6, TNF-α, and IL-1 systems in older populations.
Using data from a large Italian older populationbased study, we assessed whether serum 25(OH)D concentration is inversely associated with highsensitivity C-reactive protein (hsCRP), TNF-α, soluble TNF-α receptors 1 and 2 (sTNFR1 and sTNFR2), IL-1 receptor antagonist (IL-1ra), IL-1β, IL-10, IL-18, IL-6, and IL-6 soluble receptors (sIL-6R and sgp130).
Subjects and methods

Subjects
InCHIANTI is an epidemiological study of risk factors for mobility disability in the elderly, designed by the Laboratory of Clinical Epidemiology of the Italian Research Council of Aging (Florence) and conducted on a representative sample of a population living in Greve in Chianti and Bagno a Ripoli, two small towns of the Chianti geographic area (Tuscany, Italy).
The population here evaluated was composed of 1,453 participants (aged 22-104) randomly selected from the residents of these two municipalities using a multistage stratified sampling method. Data collection started in September 1998 and was completed in March 2000. Detailed information on study design and data collection has been described elsewhere (Ferrucci et al. 2000) . Of the whole study population, 1,353 donated a blood sample and 1,063 subjects were aged 65 years or older. One thousand eleven older subjects had complete data for the analysis presented here. Participants with hsCRP ≥10 mg/L (values potentially indicating an active inflammatory process) (Gabay and Kushner 1999) , and those treated with corticosteroids and nonsteroidal anti-inflammatory drugs (N=144) were excluded from the analysis. The final sample analysis was composed of 867 subjects (377 men and 490 women). The flow diagrams for the InCHIANTI and the post hoc data used in the current analysis are shown in Fig. 1 .
The study protocol was approved by local ethics committee. All participants received a detailed description of the purpose and design of the study and signed informed participation consent.
Laboratory measures
Blood samples were drawn in the morning after a 12-h overnight fast and resting period. All the routine blood tests were performed on fresh blood. 25(OH)D, parathyroid hormone (PTH), and IL-6 assays were performed on specimens previously stored at −80°C. Serum 25(OH)D was measured by RIA (RIA kit; DiaSorin, Stillwater, MN, USA) after extraction of samples with acetonitrile. Intra-and inter-assay coefficient of variations (CVs) were 8.1 and 10.2 %, respectively. Serum IL-6, sIL-6r and TNF-α, sTNFR1 and R2, and IL-1ra and IL-1β were measured in duplicate high sensitivity enzyme-linked immunoabsorbent by assays (ELISA) using commercial kits (BioSource International Inc., Camarillo, CA, USA and human sIL-6R kit). The minimum detectable concentration (MDC) was 0.1 pg/ml for IL-6, 8.00 pg/ml for sIL-6r and 0.09 pg/ ml for TNF-α, 8 pg/mL for sTNFR1 and sTNFR2, and 4.00 pg/mL for IL-1ra and 0.1 pg/mL for IL-1β. The intra-assay CV for sIL-6r was <6 %. The intra-and inter-assay CVs for TNF-α were 7 and <21 %, respectively. The interassay CV was 7 % for the other cytokines. Soluble glycoprotein 130 was assessed on plasma by ELISA (Quantikine Human Soluble gp130 Immunoassay, R&D Systems, Inc, Minneapolis, MN, USA). The MDC was approximately 25 ng/mL (at a 1:100 dilution). Inter-assay CV was approximately 10 %.
Serum IL-10 was detected by Human IL10 CytoSETS TM ELISA kits (BioSource International Inc.). The MDC was 1.00 pg/ml; the inter-assay CV was 8.6 %. Serum IL-18 level was detected in duplicate using highly sensitive quantitative sandwich assays (ELISA) (Quantikine HS, R&D Systems). The MDC was 0.7 pg/mL; the CV for IL-18 test was approximately 7 %.
C-reactive protein was measured with a highsensitivity ELISA, a competitive immunoassay that uses purified protein and polyclonal anti-CRP antibodies. The inter-assay CV was 5 %. The MDC was 0.03 mg/ l. Serum intact PTH was measured using a two-site immunoradiometric assay kit (N-tact PTHSP, DiaSorin Inc., Stillwater, MN, USA). The assay uses two affinitypurified polyclonal antibodies, one specific for the amino-terminal 1-34 portion of PTH molecule and the second specific for the 39-84 sequence of the hormone; the sensitivity assay was 1.2 ng/l. Intra-and interassay CVs were <3.0 and 5.5 %, respectively. Liver function was evaluated by aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Serum creatinine and urinary creatinine from the 24-h urine collection were measured using a modified Jaffe method. Serum creatinine and urinary creatinine from the 24-h urine collection were measured using a modified Jaffe method and used to calculate creatinine clearance as a measure of glomerular filtration rate.
Other measures
Obesity, physical activity, smoking habits, caloric and alcohol intake, disability, cognitive function, depressive status and chronic diseases, vitamin D supplement, number of medications, and season of blood collection were all considered as possible confounders of the association between vitamin D and inflammatory markers. Weight was measured to the nearest 0.1 kg using a highprecision mechanical scale with the participant wearing light clothes and without shoes. Standing height without shoes was measured to the nearest 0.1 cm. Body mass index was calculated as [weight (kg)]/[height (m) 2 ], and obesity was defined as BMI>30 kg/m 2 . The level of physical activity in the 12 months prior to the interview was assessed through an interviewer-administered questionnaire (Wareham et al. 2002) and was coded as sedentary (inactivity or light-intensity activity less than 1 h/week), light physical activity (light-intensity activity 2-4 h/week), and moderate-high physical activity (lightintensity activity≥5 h/week or moderate activity≥1-2 h/ week). Smoking history was determined based on selfreports, and participants were categorized into never smokers, former smokers, and current smokers. To better describe the condition of current smokers, we introduced the variable pack-years, a measure of smoking exposure that combines intensity and duration, calculated as (packs smoked per day) × (years of smoking). Total years of cigarette smoking were also calculated to better address the condition of former smokers.
Disability was assessed using a self-administered scale (Katz Index of Independence in Activities of Daily Living, ADL) (Katz and Akpom 1976) . Participants were classified as having ADL dependency when they reported need for help of another person in performing at least one ADL (≥1 ADLs) (getting out of a bed or chair, bathing or showering, or dressing). Daily caloric (kcal/day) and alcohol intake (g/day) were estimated by the European Prospective Investigation into Cancer and Nutrition Food Frequency Questionnaire (Kaaks and Riboli 1997) . High alcohol intake was defined as more than 21 drinks/week for men and more than 14 drinks/ week for women (≥30 g/day in men and ≥20 g/day in women) (Tenth Special Report to the U.S. Congress on Alcohol and Health from the Secretary of Health and Human Services. U.S. Department of Health and Human Services. Washington et al. 2000) . Fig. 1 Flow diagrams for the InCHIANTI study and the post hoc data used in the current analysis. Of the original 1,453 subjects, 1,353 subjects received home interview and underwent blood collection. One thousand sixty-three subjects were aged 65 years or older and 1,011 had complete data on serum concentrations of vitamin D, CRP, TNF-α, IL-6, sIL6r and sgp130, and other variables of interest. Since CRP values above 10 mg/L are considered to be consistent with an active inflammatory process, 144 participants with CRP ≥10 mg/L and those treated with corticosteroids and nonsteroidal anti-inflammatory drugs were excluded from our analysis. The final sample analysis was composed of 867 subjects (377 men and 490 women)
Global cognitive performance was assessed using the Mini-Mental State Examination (MMSE) performed by a trained geriatrician within a week of the blood draw. Depressive symptoms were evaluated with the Center for Epidemiologic Studies Depression Scale (CES-D) (Fava 1983) . The CES-D is a 20-item self-report scale, ranging from 0 to 60. The CES-D has good psychometrics properties in assessing depressive symptoms and was validated both in older population-based studies and Italian population (Fava 1983) . A score ≥16 was considered to indicate depressive symptoms. The prevalence of specific medical conditions was established using standardized criteria that combine information from self-reported history, medical records, and a clinical medical examination. Diagnostic algorithms were modified versions of those created for the Women's Health and Aging Study (Kaaks and Riboli 1997) . The following diseases were assessed: coronary heart disease (angina and acute myocardial infarction, CHD), peripheral arterial disease (PAD), stroke (and/or transient ischemic attack), hypertension, diabetes mellitus, congestive heart failure, chronic obstructive pulmonary disease (COPD), Parkinson's disease, and cancer.
Because of the known seasonal variability in vitamin D concentration, season for blood collection was considered as categorical season variable with 3-month intervals. Season categories were identified as follows: winter (blood collections performed during the time period between December and February), spring (evaluations performed between March and May), summer (from June to August), and fall (from September to November).
Cortical volumetric bone mineral density (vBMDc) (mg/cm 3 ), a selective measure of the apparent volumetric density of cortical bone and marker of bone material property, was measured at the 38 % site of the tibial length by peripheral quantitative computed tomography scans (pQCT) (XCT 2000 device, Stratec Medizintechnik, Pforzheim, Germany). The precision error of the XCT2000 was below 1 % for volumetric cortical density. We used vBMDc by pQCT because this parameter has been linked to osteoporosis and risk of osteoporotic fractures (Siris et al. 2001; Zebaze et al. 2010 ).
Statistical analysis
Variables normally distributed were reported as mean values±SD, and categorical values as numbers and percentages. The 25(OH)D, PTH, IL-6, sIL-6R, sgp130, TNF-α, sTNFR1 and sTNFR2, IL-1ra, IL-1β, IL-10, IL-18, and hsCRP were described by reporting median values and interquartile ranges because of skewed distribution. To approximate normal distributions, logtransformed values for 25(OH)D, IL-6, sIL6r, sgp130, TNF-α, sTNFR1, and sTNFR2, IL-1β, IL-1ra, IL-10, IL-18, and hsCRP were used in the analysis and backtransformed for data presentation.
Vitamin D levels were also categorized into tertiles based on the distribution in the whole study population. Differences across tertile categories of 25(OH)D were determined by using Wilcoxon rank-sum test (KruskalWallis test) adjusted for age and sex. Factors statistically correlated with 25(OH)D levels were identified by using an age-adjusted partial correlation coefficient and Spearman partial rank-order correlation coefficients as appropriate. Parsimonious models obtained by backward selection from initial fully adjusted models were used to identify independent factors of 25(OH)D levels. Model 1 was adjusted for age, sex, and PTH, while model 2 included the variables of model 1 plus physical activity, caloric and alcohol intake, season of blood collection, smoking, pack-years, years of cigarette smoking, vBMDc, ADL disability, CES-D, CHD, and creatinine.
Statistical significance was defined as p<0.05. SAS 8.2 statistical package was used for all analyses (SAS Institute, Inc., Cary, NC, USA).
Results
Characteristics of the study population are presented in Table 1 . The mean age was 75.1±7.1 (years±SD). According to a cutoff point of 50 nmol/L, 557 (64.2 %) were considered vitamin D-insufficient subjects.
Levels of inflammatory markers across 25OH-D tertiles were reported as mean values±SD (Table 2) . There was a significant difference in IL-6 (Table 2 and Fig. 2) , sIL-6r , hsCRP, sgp130, TNF-α, sTNFR1, and sTNFR2 across 25OHD tertiles (p<0.05) with higher levels of these markers in the lowest 25OH-D (<31.4 nmol/L) tertile. There was no significant difference in IL1ra, IL-1ß, IL-10, and IL-18 across 25OH-D tertiles.
Log (25OH-D) levels were inversely related to log (IL-6) (r=−0.10; p=0.003), log (hsCRP) (r=−0.08; p=0.02), and log (sgp130) (r=−0.08; p=0.02) and positively correlated to log (sIL6r) (r=0.08; p=0.02). Log (25OH-D) was not significantly correlated with other inflammatory markers (Table 3) . To further explore factors independently associated with vitamin D levels, we fit parsimonious models, including only independent variables significantly associated with 25(OH)D (Table 4) . Table 4 shows covariate-adjusted associations between 25(OH)D concentrations and inflammatory markers. In model 1 (adjusted for age, sex, and PTH), log (25OH-D) was significantly and inversely associated with log (IL-6) (β±SE=−0.11± 0.03, p=<0.0001) and log (hsCRP) (β±SE=−0.04±0.02, p=0.04) and positively associated with log (sIL6r) (β± SE=0.11±0.04, p=0.003). In the fully adjusted model (model 2), log (25OH-D) was still negatively associated with log (IL-6) (β±SE=−0.10±0.03, p=0.0001) and positively associated with log (sIL6r) (β±SE=0.11±0.03, p= 0.004). Log (25OH-D) concentration was also Parkinson disease (n, %) 16 (1.8) d High alcohol intake was defined as more than 21 drink/week for men and more than 14 drinks/week for women e Based on self-reports scored from never smokers to current smokers f Reference category g Derived from the interviewer-administered questionnaire scored from sedentary (inactivity or light-intensity activity less than 1 h/ week), to moderate-high physical activity (light-intensity activity ≥5 h/week or moderate activity ≥1-2 h/week) h Derived from the Katz's Index categorized as disabled or notdisabled (6/6 ADL independent and loss of at least one activity was considered dependent) i Seasons was categorized in four periods: 1=winter (December, January, and February), 2=spring (March, April, and May), 3= summer (June, July, and August), and 4=autumn (September, October, and November) significantly associated with log (sgp130) (β±SE= −0.0008±0.0003, p=0.01). The association between log (25OH-D) and log (hsCRP) approached the statistical significance (β±SE=−0.01±0.03, p=0.07).
Discussion
In our study, 25(OH)D serum concentration was independently and inversely associated with the proinflammatory cytokine IL-6 and its soluble receptor sgp130 and positively associated with sIL6r.
To the best of our knowledge, this is the first study assessing the relationship between vitamin D levels and inflammatory cytokines IL-6, IL-10, IL-18, TNF-α, IL-1β, and hsCRP also focusing on the role of the main proinflammatory cytokine receptors including sIL6r, sgp130, sTNFR1, sTNFR2, and IL-1ra in a wellrepresented cohort of older subjects. Our findings are of importance because little it is known about the relationship between 25(OH)D levels and immune markers of inflammation, especially in the elderly. The few published data coming from observational studies (Amer and Qayyum 2012; Reyman et al. 2013; Laird et al. 2014; Ngo et al. 2010; Peterson and Heffernan 2008 ) support a primary anti-inflammatory role of vitamin D. In a very recent observational investigation conducted in 957 older Irish adults (>60 years of age), Laird et al. (Laird et al. 2014) showed a significant association between low vitamin D status (25OH-D <25 nmol/L) and markers of inflammation including IL-6, TNF-α, IL-10, hsCRP, and the ratio of IL-6 to IL-10.
Ngo et al. (Ngo et al. 2010) , in a cohort of 253 middle-aged and older subjects (mean, 63.4±6 years), have found that low 25(OH)D levels were inversely associated with hsCRP levels. Consistently, an inverse relationship between serum 25(OH)D status and TNF-α concentrations was documented by Peterson et al. (Peterson and Heffernan 2008) in a study population of 25(OH)D-deficient women (age range, 25-82 years).
On the contrary, several investigations failed to prove any significant association between 25(OH)D and the main proinflammatory cytokines (Gannagé-Yared et al. 2003; Vilarrasa et al. 2010; Shea et al. 2008; Clendenen et al. 2011) . Interestingly, scarce attention has been devoted to the relationship between 25(OH)D and IL-6. This is surprising because IL-6 is the primary biomarker of phenotypes of aging, underlying not detected conditions (Li et al. 2014 ) and adverse outcomes, including disability and death (Maggio et al. 2006) .
Studies in nasal polyposis cultures documented a potential inhibitory effect of vitamin D on proinflammatory cytokines including IL-6 (Rostkowska-Nadolska et al. 2010) . In humans, the link between vitamin D, IL-6, and systemic inflammation is especially evident during chronic inflammatory conditions and metabolic disorders. Dobnig et al. (Dobnig et al. 2008) , in a prospective cohort study of more than 3,000 consecutive patients (mean [SD] age, 62 years) undergoing coronary angiography, showed that low 25(OH)D concentrations were significantly correlated with IL-6 and CRP levels. Interestingly, Thorand et al. observed that the significant inverse association between serum 25(OH)D and incident type 2 diabetes was attenuated after adjustment for IL-6 and other inflammatory markers (Thorand et al. 2011) . Interestingly, studies in CKD children also showed a significant relationship between 25(OH)D and IL-6 independent of the sIL-6r soluble IL-6 receptor, sgp130 signaling-transducing 130-kDa component, CRP C-reactive protein, TNF-α tumor necrosis factor-α, IL-1Ra IL-1 receptor antagonist, sTNFR1 soluble TNF-α receptor 1, sTNFR2 soluble TNF-α receptor 2, AST aspartate aminotransferase, ALT alanine aminotransferase, PTH parathyroid hormone, ADL activities of daily living, vBMDc cortical volumetric bone mineral density, MMSE Mini-Mental State Examination, CES-D Center for Epidemiologic Studies Depression Scale, CHD coronary heart disease, COPD chronic obstructive pulmonary disease, PAD peripheral arterial disease a Age-adjusted severity of kidney disease (Suzuki et al. 2009 ). Finally, in a cohort from the Baltimore Hip Studies, women aged ≥65 years, 25(OH)D deficient at the time of hip fracture, had higher serum IL-6 levels in the year after fracture (Miller et al. 2007 ). The molecular mechanisms underlying the relationship between vitamin D and IL-6 could be found in the inhibitory action of vitamin D on both cellular expression and activation of the proinflammatory transcription factor kappa B (NFκB). In this way, vitamin D might regulate the release of the inflammatory cytokine IL-6, which represents a downstream target of NFκB activation (Suzuki et al. 2009; Jablonski et al. 2011 ). The antiinflammatory properties of vitamin D could be mediated by vitamin D receptor (VDR) (expressed by many types of immune cells) which is part of the inactivating complex with the nuclear p65 subunit of NFκB (Equils et al. 2006; Provvedini et al. 1983) . Studies conducted in VDR-null mice have shown that VDR deletion abolished VDR/P65 binding and results into upregulation of NFκB transcriptional activity and increased IL-6 circulating levels (Wu et al. 2010) .
Our findings also provide novel insight on the relationship between vitamin D and IL-6, focusing on the role of different components of IL-6 system. In fact, we showed for the first time in the specific setting of elderly subjects, not selected for specific diseases or conditions, a significant inverse relationship between vitamin D and IL-6 and sgp130 and a positive association between 25(OH)D and sIL-6r. These data are of importance because soluble IL-6 receptors, fluctuating remarkably much less than IL-6, give a more precise information about the activation of IL-6 pathway (Maggio et al. 2006) . Interestingly, our data would suggest that vitamin D might also influence IL-6 system by modulating IL-6 "trans signaling". Trans signaling mechanism, by the formation of circulating IL-6/sIL-6r complex, causes activation of the IL-6 pathway in cells without IL-6 membrane receptor and accounts for most of IL-6 biological activity (Maggio et al. 2006) . Although there are limited and equivocal data about the role played by sIL6r in the inflammatory pathway, several lines of evidence support the hypothesis of an anti-inflammatory role for sIL-6r by the upregulation of cellular gp130 expression, which is capable to impair IL-6 biological activity on membrane receptors (Ferrucci et al. 2005) . Our findings are consistent to those published by Ferrucci et al. (Ferrucci et al. 2005) showing an impairment of sIL-6r serum concentrations in inflammatory conditions that stimulate IL-6 production.
By analyzing thoroughly the relationship between vitamin D and IL-6 system, we also observed an independent inverse relationship between vitamin D and sgp130. Soluble gp130 is considered the natural inhibitor of the IL-6/sIL-6r complex (Maggio et al. 2006) . Consistently to what has been suggested by Zuliani et al. (Zuliani et al. 2010) , documenting both higher IL-6 and sgp130 levels in clinical conditions associated with "low-grade" systemic inflammation, we can speculate that the negative association we have found between vitamin D and sgp130 is related to the activation of inflammatory processes involving the IL-6 and might be considered as a strategy to avoid IL-6 trans-signaling. Interestingly, we also found an inverse relationship We failed to detect any association between vitamin D and TNF-α. These results are only partially surprising. The inter-assay and intra-assay variability of TNF-α is quite high and most of the previous investigations conducted in the InCHIANTI study have not shown any significant association between hormones other than 25(OH)D and TNF-α (Melzer et al. 2008) .
To overcome this specific issue, we also tested the relationship between vitamin D and soluble TNF-α receptors, sTNFR1 and sTNFR2, that have been shown to be more sensitive inflammatory markers than TNF-α in the assessment of different inflammatory diseases (Owczarek et al. 2012 ). However, we did not find any association between vitamin D and soluble TNF-alpha receptors suggesting that vitamin D might not affect the TNF-α system.
Finally, because IL-1ra bioactivity seems to be regulated by proinflammatory cytokines including IL-6, as an acute-phase protein, and patients with a variety of infectious and immune conditions or low muscle strength showed both higher IL-1ra and IL-6 levels (Stenholm et al. 2010; Gabay et al. 1997) , we also investigated the relationship between 25(OH)D and IL-1ra. However, we did not appreciate any significant relationship between vitamin D and IL-1ra.
The cross-sectional nature of this study does not allow us to determine the direction of the association between vitamin D and inflammatory markers. We cannot ignore that low 25(OH)D could represent a marker of ill health resulting from inflammatory processes involved in disease occurrence and clinical course. This hypothesis has been raised from a very recent systematic review documenting a discrepancy between the existing observational and intervention studies on the role of 25(OH)D concentrations in nonskeletal health outcomes (Autier et al. 2014) . The lack of evidence that raising of 25(OH)D concentration can modify the occurrence or clinical course of diseases is not causal and may explain why low vitamin D status is reported in a wide range of disorders. In fact, a fluctuation in vitamin D levels has been described after an inflammatory insult, such as surgical stress (Louw et al. 1992; Gray et al. 2005) . In patients who underwent cardiac surgery, a transitory decline in 1-25-hydroxyvitamin D is observed together with a significant increase in inflammatory markers including IL-6. This phenomenon seems to be remarkably stronger in older than younger individuals (Börgermann et al. 2012) . However, 25(OH)D concentrations remain low 3 months after surgery (Reid et al. 2011 ) despite the normalization of CRP status, suggesting that factors other than inflammation may be responsible for the postsurgical decline in vitamin D.
Study limitation and strengths
Some limitations of the study must be recognized. First, because of the cross-sectional nature of the study, we cannot define cause-effect relationships between vitamin D and inflammatory markers. Second, we did not measure the plasma levels of the IL-6/sIL-6r complex, and this would add important information about the real regulation of the IL-6 "trans-signaling" pathway in vitamin D insufficiency. We are also aware that other methodologies such as liquid chromatography-tandem mass spectrometry (LC-MS/MS) are considered the gold standard in the assessment of 25(OH)D levels.
Despite these limitations, our study has multiple important strengths. This is the first attempt to provide novel insight of the relationship between 25(OH)D and inflammatory markers in a cohort of communitydwelling older adults, focusing on the role of different components of the IL-6, TNF-α, and IL-1 systems. IL-1 receptor antagonist, sTNFR1 and sTNFR2, and sgp130 and sIL-6r were used in addition to IL-1β and TNF-α and IL-6 soluble receptors because they are more sensitive than those respective cytokines and/or provide additional information on cytokine biological activities [35; 46-48] . Moreover, previous studies have been conducted in young adults with chronic inflammatory conditions. The population here evaluated had also detailed and complete data on serum concentrations of hsCRP, IL-1β, IL-10, and IL-18 as well as factors known to influence both 25(OH)D and inflammatory status, that are not easily found in large population studies, especially of older adults. All analyses were accurately assessed by ultrasensitive method (ELISA). Season of the blood collection was also included in the analysis to account for seasonal vitamin D variability. Finally, to avoid the influence of acute inflammatory status and anti-inflammatory medications on the hypothesis tested, we excluded participants with hsCRP ≥10 mg/dl and those who were on chronic treatment with corticosteroids and nonsteroidal inflammatory drugs.
In conclusion, we found that in older individuals 25(OH)D concentration is independently and inversely associated with IL-6 and positively with sIL6r, suggesting a potential anti-inflammatory role for vitamin D in older individuals. These results, if confirmed by longitudinal studies, may better delineate the direction of this association, explaining the mechanisms by which the reduced levels of 25(OH)D facilitate the development of proinflammatory conditions in the elderly. Randomized controlled studies, examining the effects of vitamin D administration on inflammatory markers and clinical outcomes are clearly needed.
